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The properties shop is lai d-out like a letter "P" (see Figure l) , witn 
a large el evator in the 11hole 11 of the "P" . The fibrous glass lay-up 
work is performed behind and to the right of the elevator , and the 
carpentry shop occupies the stem of the "P" . The carpentry shop is 
about 125 feet long and the two parts of the lay-up area are about 35 
feet square. The ceili ng is about 18 feet high . General dilution 
ventilation is supplied to the area but there is no exhaust ventilation 
for the lay-up operations . All major painting i s performed in the 
Opera's painting shop, and only minor touch-up painting with a small 
brush is done in the properties shop. 

IV. EVALUATION DESIGN ANO METHODS 

The components of the nine solvents and adhesives used in the 
properties shop are l i sted in Table I . 

Methyl ethyl ketone (MEK) samples were collected on ambersorb tubes 
using a flow rate of about 200 cubic centimeters per minute for about 2 
hours . The tubes were analyzed by gas chromatography using a 
modification of NIOSH method S-3. 

Eight breathing zone and general area samples were collected for 
toluene , xylene (ortho , meta and para isomers) , acetone , n-hexane and 
styrene with activated charcoal tubes as the collection media , using 
similar flow rates for similar time periods . The charcoal tubes were 
analyzed by gas chromatography using a modification of NIOSH method 
P&CAM 127. 

The sampling was performed during the l ay-up of hand held articles such 
as mannequin heads and during the glui ng and spraying of smal l articles 
by one employee. A second employee aided in the lay- up for about 1/2 
hour and then returned to carpentry duties. While such activities are 
typical of the work usually done in the properties shop , exposure 
levels woul d be expected to be higher during periods when larger pieces 
are created or when additional workers are i nvolved . 

V. EVALUATION CRI TERIA 

Criteria recommended by NIOSH , Permissible Exposure Limits (PEL) 
established by the Occupational Safety and Health Administration (OSHA) 
and Threshold Limi t Values (TLV) set by the American Conference of 
Governmental Industrial Hygienists (ACGIH) for exposure to airborne 
concentrations of the substances measured in this evaluation are listed 
in Table II. All concentrations are listed in parts per million parts 
of air (ppm). These limits are the maximum time weighted 
concentrations of each substance to which most individuals can be 
exposed for eight to ten hours per day or 40 hours per week without 
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adverse health effects. Some substances have been given ceiling, peak 
or short term exposure limits (STEL) which should not be exceeded. In 
those cases where there is a difference ln the limits referenced, the 
most stringent value is the criteria used in this evaluation. In 
reference to Table I, aliphatic solvents, mineral spirits and kerosene 
are not individual substances, but rather are complex mixtures of 
various hydrocarbons (usually in the C5 to ClO range). 

Almost all of the compounds used in the properties shop have related 
health effects, such as headache, nausea, dizziness and dermatitis. 
Propane and isobutane, which are used as propellants in two of the 
products, are usually considered to be simple asphyxiants (replace 
oxygen in the air) but may also produce some dizziness. 

VI. RESULTS ANO DISCUSSION 

The results of environmental sampling are listed in Table III. In the 
analysis, minute concentrations of various other hydrocarbons were 
detected. As the exposure levels to these constituents were 
insignificant, they are not listed in the table. 

The environmental criteria used in this report were not exceeded. The 
results of the environmental survey indicate that workers in the 
properties shop are not exposed to excessive concentrations of solvent 
vapors during periods of normal activities. Since the chemicals used 
in the properties shop have similar health effects, the results of 
exposure may be expected to be additive. However , the exposure levels 
are so low, that even considering addi tive health effects, the 
exposures present little opportunity for adverse health effects. 

Although the results of this survey indicate that the employees of the 
properties shop are not exposed to excessive concentrations of organic 
vapors during normal lay-up operations , consideration should be given 
to exposures which might occur during the construction of large 
pieces . The total amount of material used in lay-up during the survey 
was not more than one cubic foot of fibrous glass/styrene. The amount 
of material used during the construction of large props (for example a 
20 foot long gondola) would generate much more styrene vapor, not only 
during the lay-up operation but also during the curing period. While 
the amount of styrene which would be generated during the construction 
of a large prop is not known, it is probable that the concentration of 
styrene could exceed the OSHA PELs. The use of an organic vapor 
cartridge respirator is indicated unless the styrene concentration is 
5000 ppm or greater.4 

Because the organic vapor concentrations measured under normal 
operating conditions is so very low, the need for the installation of 
exhaust ventilation to control exposure to styrene vapor is not 
indicated , unless the use of styrene in the lay-up operation increases 
greatly . 
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While the use of organic vapor cartridge respirators offers adequate 
protection from exposure to chemical vapors generated during lay-~p 
operations in the properties shop, the respirators must be used and 
maintained properly to be of any value. Discussions with the workers 
of the properties shop revealed that they had only a rudimentary 
knowledge of respirators. In addition, it was noted that the 
cartridges of the respirators used during lay-up had not been changed 
for weeks or months. 

VII. RECOMMENDATIONS 

NIOSH recommends that the employees of the properties shop be 
instructed in the proper use and care of their respirators, including 
the approximate "life" of the cl1emical cartridges used during lay-up 
and other operations involving the use of organic solvents. 

Consideration should be given to providing fit testing (as described in 
the attachment to this report) to the employees who are exposed to 
organic solvents in the properties shop . Fit testing can be done by a 
quantitative test, where the amount of leakage of a contaminant into 
the user 's breathing zone is measured or quantified . An alternative 
type of test is qualitative fit testing (in which the respirator wearer 
i s asked to identify some odoriferous gas or vapor, such as banana 
oil) . Qualitative fit testing is available through several companies 
in the New York City area, and the material to perform qualitative fit 
testing is available in kit form. Since the exposures in the 
properties shop are intermittent, and the organic solvents in use have 
good warning properties, qualitative fit testing would suffice, 
although quantitative fit testing is preferable. 
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COMPOUND 

Spray Adhesive 

Contact Cement 

Lacquer Thinner 

Mineral Spirits 

Acetone 

Quickset 

Kerosene 

Mold Rel ease 

Polyester Resin 

TABLE I 

INGREOIENTS OF COMPOUNDS USED AT 
PROPERTIES SHOP 

McTROPOLITAN OPERA 

HETA 82- 190 

INGREDIENT 

Hexane 
Cyclohexane 
Styrene/nutadiene elastomer , 
terpene resin, wood rosin, 
and an antioxidant 
Propane/isobutane propellant 

Aliphatic solvents 
Acet one 
Toluene 
Elastomer , resins , zinc oxide, 
magnesium oxide and water 

Toluene 
Mineral spirits 
Butyl acetate 
iso Butyl alcohol 
Acetone 
Methanol 

Mineral Spirits 

Acetone 

Methyl e t hyl ke t one 
Dimethyl phthalate 

Kerosene 

Hexane 
Propane/isobutane propellant 
Silicone lubricant 

Unsaturated resin 
Styrene 

% 

41 
14 

22 
23 

44 
26 

8 

22 

40 
20 
15 
11 
10 

4 

100 

100 

60 
40 

100 

66 
29 

5 

55 
45 



SUBSTANCE 

Hexane (n-hexane) 

Cyclohexane 

Acetone 

Toluene 

Butyl acetate 

Styrene 

Propane 

isoButane 

Methyl ethyl 
ketone 

NIOSH 
RECOMMENDATION 

100 ppm 
500 ppm/ 
15 min ceiling 

100 ppm 
200 ppm/ 
10 min ceiling 

Mineral spirits, 100-500 ppm 
aliphatic solvents, 
kerosene 

TABLE II 

EXPOSURE LIMITS AND HEALTH EFFECTS OF 
ORGANIC COMPOUNDS USED AT THE 

PROPERTIES SHOP 
METROPOLITAN OPERA 

HETA 82-190 

OSHA PEL 

500 ppm 

300 ppm 

1000 ppm 

200 ppm 
300 ppm ceiling 
500 ppm peak 

150 ppm 

100 ppm 
200 ppm ceiling 
600 ppm/5 min/3 hr peak 

1000 ppm 

200 ppm 

100-1000 ppm 

ACGIH TLV 

100 ppm 
125 ppm STEL 

300 ppm 
375 ppm STEL 

1000 ppm 
1250 ppm STEL 

100 ppm 
150 ppm STEL 

150 ppm 
200 ppm STEL 

50 ppm 
100 ppm $TEL 

800 ppm 

200 ppm 
300 ppm STEL 

100-500 ppm 

HEALTH EFFECTS REFERENCE 

nausea, headache, eye & nose 1,2 
irritation, dermatitis 

nausea, eye irritation, 
dizziness, dermatitis 

headache, nausea, dizziness, 
dermititis, eye irritation 

headache, dizziness, weakness, 
euphoria, confusion, dermititis 

headache, eye irritation 
respiratory irri tation 

eye & nose irritation, weakness 
narcosis, dermatitis 

simple asphyxiant 
dizziness, confusion 

narcosis, dizziness 

eye irritation, headache, 
dizziness 

dizziness, headache 
eye irritation, dermatit i s 

1 ,2 

1,2 

1,2 

1,2 

1,2 

2,3 

2 

1,2 

1,2,3 

~ 



TABLE III 

AIRBORNE CONCENTRATIONS OF 
ORGANIC SOLVENTS 

PROPERTIES SHOP 
METROPOLITAN OPERA 

HETA 82-190 

FEBRUARY, 1982 

OPERATION TOLUENE XYLENE ACETONE HEXANE 
eem eem eem eem 

Lay-up 1.5 NO 9.5 2.2 

Lay-up 
Area(general air) ND ND 1.8 0. 3 

Lay-up/Carpentry 0.4 NO 0.8 0.4 

Carpentry 
10 ft from lay- up 0.4 ND 0.6 0.4 

Fiberglass 
Area(general air) ND ND ND ND 

ppm = parts per million parts of air 
ND = none detected 
Limits of Detection (ppm): Toluene = 0.003 

Xylene = 0.002 
Acetone = 0.012 
Hexane = 0.003 
Styrene = 0.002 
MEK = 0.003 

STYRENE MEK 
12em Qem 
5 .3 NO 

4 .4 NO 

0.5 

0.6 

ND ND 
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FIGURE l 

Schematic of 
Properties Shop 

Metropolitan Opera 
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